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”“g A qind-tunnel gtndy has been made:: to detérmine the
Ppossibility of deweloping spoilers suitable-for: providing
the.lateral -¢ontnei; foriairplanes-in: place :0f ‘the usual .
ailerqns.h The fTirst_ testd: weré madeon’a model widg: with

a fixed tip'glot,. byt when: it.was. foutid. that :the" effective-
negg -of.the -spollers. did not -depend.to any 'great -extent on
thesglat, tests . were mgde :on.a plain wing-also: " In both- _
cases certailn spaeiler positions were -found which were:frée
from the ususl adverse rolling moments with small deflec~-
tions. Five .different .forms of :gpoiler-wére.tested; ‘Che
best ones . being -8imple plates, either straight or slightly
curved to fit.the contour.df ;the -mirfdtl when not- deflecte&
Sufficient rolliqg moment -Qan probably 'bé obtained frpom -
spailezs of .regsongble 'glze to provide satisfactory lateral
control. for certain tjpes qf airplanes. Lt . e
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been ot tained by the combined use of Handley Page automatic
ving-tir slotse, interceptors, arnd ailerons, The tip slots
and interceptors operate, however, only at the high angles
of attack, where the luaterceptor.destroys the slot effect
on the side of tue dowangoilng wing.

1%t appeared;likely that spoillers” could.'be used on ' a
wing in counecticn. with recentlyrBeveloped. fixed. tip slots’
(rererencs 1) to give.the desired. lateral control without:
the mse of ailerons, by spoiling not oily the slot effeet
but also a. coms;reiable portion’ of -the 1ift at the low an--
éles of attack where the-slot:-effect is:Bmall. : :
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As previously tested on, plain wings, the spoiler con-
sisted of a smaell flap proaecting from the upper surface
at or near the leading edge.: With the spoiler erect, the
flow over the umpper.surface breaks down so that the 1ift 1is
decreased and the drag “is 1ncreased on"'that 'side, thereby
glving & rolling mement together with a favorable yawing
moment. Some of the early tests showed that the wing pro-
file affected.the: spoiler characteristics only slightly and
that a greater effect was obtain®d with' the spofler on the
upper surface & small distance back from, rather than ex-
actly at, the leading edge of_the wing. (Reference 2.) 4t
high angles of attack and 1argb“bpoiler deflections it was
possible to obtain rolling moments as great as those of
average ordinary ailerons by the use of the correct spoller
properly. . located, However, it Was found in references 3
and 4 that at low angles, of attack and’ sm&ll “spoiler: dafleo—
tions- the .1ift was increased thareby giving a rolling mo--
ment in the wrong direction but changing to one& in the-
right direction with. further spoiler deflection. Because
of this unfavorable rolling moment at the low deflections,
the spoiler .was rejedted as a gomplete weans for obtaining
lateral control w1thout the use of ailerons.

The present inveatigation ‘was made to determine the

. possibility of developing a spoiler glving rolling moments
in the desired direction at all deflections and angles of
attack, and also giving. reasonably large rolling moments at
the low as well as the high angles of attack.,. A systematic
series of tests has been malde which is thought to cover the
main factors affecting the spoiler characteristics within
the probable range of practical application. The first _
tests were made on a wing model having the Clark Y over-all
profile with a low-drag fixed tip slot. After it had been
found that the best. spoiler lpcation was well back of the

- slot, additional tests were made with spoilers on a plain
wing. : .

APPARATUS AND METHODS

The tests were made in the vertical wind tunnel.of
the National Advisory COmmittee for Aeronautics, which has
a 5-foot diameter open jet, (Reference 5,) .They were made
2t the same Reynolds Number &as that of a series of controll-
ability and stgbility tests being made in the 7 by 10 foot
tunnel, which will include further tests with the best

oo g
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spoilér developed. Both tunnels ‘have -the same - nornni air
speed, and .80 the: chords -0f .-.the w1ng models were made the
same,. :10 inches. : e ; : - - -

~ .
s ]

.. Models. - Because of the sm&ll diameter of : the air
stream in the vertical tunnel, a full-span wing of 10-inch
chord and .aspect ratio 6.could not bde tested, and conse-
'quentlv & half-span model and “reflection plane“ were used.
The wing model, having a -Clark Y..over-all profile, had been
made for previous tests and -was - .arranged so as to ‘obtain
the sffect _of ecutting a full—span gslot through the normal
plain wing. The main portion of the wing was made of lami-
nated mahogany. An auxiliary airfoil forming the nose was
made of aluminum alloy. The auxiliary airfoil was sup-
ported on the main. wing at each end by a thin metal plate.
In addition, & small support fastened to the wooden and
metal parts at midspan. prevented auny. appreciable. deflection
of the nose airfoil under the applied air loads. The or~.
dinates of the wooden section were held accurate to within -
+0.01 inch and those of the metal portion to within £0. 003 -
inch of the specified ordinates. AN

The best low-drag fixed slot arrangement obtasined in a
previous investigation (reference 1) was used in these
tests. Although the - wing was originally pro¥idéd with a
full-span slot, for the present tests the slot was filled
with Plasticine and the  Clark Y section maintained except
for the portion within 40 per cent of the semispan from the
tip. The different spoilers were made of gteel l/BB-inch
thick, also 40 per cent of the semispan in length, and were
fastened firmly to the upper surface of the wing. =

Eg_ances. = The érag forces were transmitted from’ the
wing model to a platform balance above the tunnel by two
fine wires which passed through tubes. -The 1ift forces
were transmitted’ by a system.of bell cranks and rigid rods-
to two Platform balances mounted on the tunnel test floors
A detailed description of %the arrangement may be found in
reference 6. . .

The 1ift of the .wing was given;by the sum of the two
lift-balance readings. Rolling -moments were obtained by’
teking the differences between . the products 0f each balance
reading and the appropriate moment arms. The rolling mo-
mentg due to .the spoller were computed by subtracting the
rclling moments due to the wing alone from those due to the
wing with spoiler, at corresponding angles of attack.
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sgte. - TEE {éste” were ‘rigde,. tirgt on"ths wing Fith
only The fixed tip s§lot. "THed the wing With the glot waa.‘
tested with the different spoilers to obtain the effect of

each spoiler. .Finally the slot wag filled entirely with
Plestieine (forming a ‘plain Glark Y._wing) and tHis wing was
tested alone and qitﬁ the best form of spoiler developed

s

The anéle-ofhattack ranée extended from about -49 to
+4O0 . .The tests were maae at’ a ‘drnamic pressure of 16.3%7
pounds ‘per _square foat, corresponding to an air speed. of
80 'miles per hour at . standard atmOspheric cbnditions. The
Revnolds Number, based on .the above test conditidns ‘and
wing chord of .10° inches, was 609,000, whith s about. one—"'_

nird of that for .an ordinerv small airplane while landing{

UH)ﬁ*ﬂﬂﬂ Py . = The 1ift’ balances were sensitive fto ‘within

Aopurasy
¥0.06 pound, and the drag balance wis éensitive to’ within
+0. 03 pbund ~ The angle—Of—attack setting was accurate to .
+0.1¢, and the dvnamic ‘pressure wa$ maintained constant to
within +0.5 per cedit. A compariSOn of the ‘results of check
tests showed the maximum vatiation between ' values of the
rolling moments to be about +4 per . cent; tne variation be-
tween the 1ift and dreg values amountea to about '+1 per cent.

9 .
- o e e - {. . . ‘\,

" DEVELOPMENT OF SUITABLE SFOILER

'Clark Y Wing with Fixeéd 'fip Slot o

Two main tynes of spoilers were investigated. The
first was a flat rectangular plate arranged to be protruded
or retracted thirough a slot in the upper surface of the wing
(See’ fig. 1. ). The second type was a curved rectangular
plate hinged about an ' axis on the wing upper surface. It
was flush with the’ surzaoe when in the zero, or closed
position., (See fig. 4.) All spoilers were tested st a se-
ries of different positions back of the tip slot.

) Flat gpoiler - effect of heighkt. ~ The first series of
tests was. made with spoiler heights of 1, 2, %, 5, 7, and 8
per cent of the wing chord. The spoiler was located Just
behind the slot at the 14 per cent chord station, and was
set at '90° to the upper surface. (Fig., 1.)

At low angles of attaok and small helghts this type
of sn01ler 2ives a rolling noment in the wrong direction,

i
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(Figs:-1.). The rolling moments at higher angles of attack
firsst. increase ‘and then deorease agaln almost t9 zero with
increasing spoiler height until. tpe s%ot ‘has been closed
off. . A further slight increase in the spoi%er height then
capses a sudden 1arge increase 1n rolling moment,, after_
which a gradual increase continues thraughout the range
testsd.._ e e T N T s

. - The operation of this type of spoiler, da unsatlsfac—
toTy at. this. Location because of. the unfavorabla rolling
moments. at low angles of attack and low heights Qf projec-.
tion,,and beoausa of the ‘erratic effects produced ‘at the
higher angles of. attack as the spoiler height Just closes.
the slot &P e e ., . .

Flat spoiler - effect of location.;r The next step.
with the. flat spoiler projecting through the. npper surface.
of the wing was an attempt to overcome the objectionable
featire of the adverse-rolling moments for small spoiler
heights and low angles of attack. Helghts of 1, 2, and 3
per. cent of the wing chord were tested at locations 14, 17,
20, 23, and 26 per gent chord from the leading edge, with
the spoiler in each case af 90° $o the wing chord line.

The results of this series of tests are sh0wn in Fig-=
ure 2., As the, spoller location is moved. back the adverse_
rolling moments. gradually become’ less and they disappear
entirely at the 26, per. ‘cent. chord ‘statiom.. In addition,
the erratic increase of rolling moment with spoiler height
which occurred with the spoiler close. behind the glot, was
not present w;th the other rear spoiler. ppsitipns.. At “the
stalling angle the, rolling moments obtained wifh a. spoiler

height of .only 3 per cent of the chord were of the order of -
those obtained with average ailerons, bui at the low angles .

of attack corresponding to high-speed flight the rolling

moments with the spoller were much lesgs. Inasmuch as the
rolling moments at the high angles of attack had dropped

off gomewhat as fhe gpoiler was moved back to the 26 per

cent station, mno attempt was. made to place it any: farther
back. .

Plain curved spoiler -~ effect of location. - It.seemed
likely, from the standpoint of simplicity and. ease of in-
stallation, that a spoiler rotatable about its forward edge
and curved to fit flush with the surface of the wing in the
closed position, would be the most satisfactory type to use.
The next tests were therefors made with spoilers of this
type, rotatable about axes in the wing upper surface,
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~ The first  curved. spoiler investigatied, -shaped to fit "
the wing: upver surface, was & plein plate having e width .
of 7. per cent of the: wingtchord and the same ‘span as’ the .
slots - This spoiler. was first. testad with small deflections:
of 7.5° ‘and, 18°%.at -Locations 14, 17, 20, 28, 26, and 29 per
cent of the- chord on' the: upper surface, in. pbrder to inves-
tigate possible locations giving no adverse rolling moments:

w- Ase lm:the chass. of the flat spoiler with small heights,
the curved spoiler- gave adverse rolling moments at small
deflections and low angles: of attack for locations close to
the slots~ Likewise, as the spoiler location was moved back,
the,adverse rolling moments gradually decreased and disap-
peared at the same location, 26 per cent of the.chord,.
(Fig. 3.) The spoiler was also tested at the 29 per cent
station,-and gave larger favorable rolling moments at the
low angles of:-attatk but smaller rolling moments at the
high angles-of attack than when located at the 26 per cent
station.-

. Plain.curved gspoiler ~ effect of deflection. - The ef=s
fect:of full spoiler deflection was next investigated at
two locations. The' plain curved spoiler was tested at the
14 and at the 26 per cent chord locations for deflections
of 7.5°, 189, R2.5°, 309, 37.5°, 459, 809, 75%, and 90° to
the upper. surface. The results of the tests at the 14.per
cent--station (fig. 4-4) for the low angles of attack show.
the nnfavorable; r0111ng moments.at small deflections, (up.
t0-20°%) with very small favorable rolling moments at the
larger.deflections Up-to.the 1limits tested. -At the large
angles of attatk the rolling moments increase *rapidly for-
spoiler deflectdions up-to 30°, but there.is no appreciadble
increase in rolling moment between 30° and 900 go that full
gspoller effect is obtained with relatively small deflection
et this location.

There are no appreclable adverse rolling moments at
the 26 per cent location, and although the rolling moments
in general increase at a fairly rapid rate up to 20° de~
flection, the increase with deflections from 200 to 90°.1is
8t1ll consideradle. (See fig. 4-B.) The maximum rolling
moments obtsined at the 26 per cent lotation are also some-
what greater than those at the 14 per cent location, par-
ticularly for the low angles of attack. The coefficients
of rolling moment . ars: pletted agaipst angle of attack in
Figure 5. .
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 Chrved: spoiler - with. hinge axis shead of forward edge. -
From the forepeing results 44 is. obvious thal better con-'
trol might be: obtdined with the spoiler if ‘the flow over
the’ wite' upper’ surface -could: .be desstroyed further ‘at the'’
low angles of attack and small spoiler deflections. A few'
different types of spoilers were therefore tested at the *
best locatlion - 26 per cent of the chord. The first of
these, the plain curved-spoiler 7. per .cent of the chord
in width, was cut out along the bottom 33 per cent of its
width, so that the new spoiler no longer rotated about the
forward edge‘bnt about &n axis:located inm fromt of 1it,
(Fig., '6s) A gap ‘wa's-then .formed. between the bottOm of the
spoiler ‘and ‘the wing upper-surface as .soon as the spoiler
‘was ‘deéfleoted from-its .closed position, the purpose of ‘the -
gap Béing~to: gspoilr the-1ift- immediately and prodyce a larg-
‘er - Favorgbie rolling.moment. - The.resulls of these tests "
Tor small : spoiler deflections (7 59 gnd 15 ) and low angles
of -attack gave favorable.roelling moments, but’ smaller in
magnitude than those:of. the- plain curved spoiler.,

- As the gap wes - thought .te. be too. 1arge, another curved
spoiler was” tested having a smaller gaj between the bottom
of the 8poiler and the wing.w (Pig. 7. This spoiler had
theé' gams over-~all width from the.axis, 7 per. cent of the"
chotd, but- was. cut owt- only for the bottom 10 per cent, of
ite width -The. bottom .0of the: spoiler was beveled to a
sharp edge ‘bacause of the small gap formed between wing and
‘spoiler when deflected.: The. results. of the tests with this
spoiler ‘showed favorable 'rolling moments .of approximately
the same magnitude at. the small deflections and low gngles
of attack, as the moments,obtained with the. foregoing spoil-
er.

These two series of tests indicated that hinging the
'spoiler about -an axis in front of .its forward edge was not
the proper course to follow in order to obtain improved
operation. : e - :

Gomb-tyns sp01ler. - The next step was .a change in the
top "0f the spoiler. to obtain an ' increased effect at low an-
gles of attack and small spoiler deflections. ‘A plain
curved spoiler, 7 per cent of the chord in width, was pro-
vided with'slots parallel .{o its chord, 0,025.1inch wide and
spaced the: same distanes: apart along the whole length of
the spoiler. :(Fig. 8,) _The slots extended through the out-
"er “one~third - of ‘the: spoiler width, If.seemed possibdle that
this deslign would give increased spoiling gffect with large
rolling moments for the small deflections. However, the re-
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sults of the test on this new spoiler .showed adverse roll-
ing momenta at the small defleqtions and low angies of at-
tack, which .made i% unsuitable for .use. .None of the spe-
clal types of spoiler was as satisfactory as the plain type,
the best develoPed thus far, I . ) .

P

Elaig"qiark'y.wfng

As the plain curvea spoiler had shown favorable char-
acteristics in connection with the wing having a fixed tip
s10t, .but seemed to have no direct connection with the 'slot,
a series of tests was alsa made to determine “its sultability
for use with a plain wing. The tip slot was filled with
Plasticine and the wing model then became the plain Clark Y.
The spoiler was tested with small deflections .at several lo-
catians on the upper sn:fgce ‘af the wing; and for the full
range of deflections at the .best location. '

.. Plain curved spoiler ~ effect of location. -~ The loca~—~
tiong tested were 26, 23, 20, and 17 per cent of the wing
chord from the leading edge. The rolling moments obtained
at the 26 per_ _cent location were very small compared with
those ,for the slotted wing, and a considerable adverse mo-
ment was found ati20° angle of attack. (See fig. 9.) As
the spoiler location was moved forward, the favorable roll-
ing moments increased up to the 20 per cent locatlon, after
which they decreased agsin. The 20 per cent location was
therefore taken as the best for the plain wing, and the
spoiler was tested there with deflections up .to 90°

Plsin curved spoiler - eoffect of deflection. - The.
rolling moments produced by the spoiler om the plain wing
(figs. 10 and 11) were similar to those of the slotted wing,
but not quite so great.. Even with the best location there
is a very slight adverse rolling moment &t an angle of at—
tack of 20°, but it is so small that it would probadbly not
be noticeable in flight. In addition, the change in roll-
ing moment with increased spoiler deflection is not quite
80 gradual as with the slotted wing,

The plain wing with a spoiler of the size tested would
probably have a fair amount of lateral control up to and
somewhat beyond the stall for a transport~type airplane,
but it would not have sufficient contrql for a highly manew
verable acrobatic alrplane. The yawing moments with the
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spoiler .as . indicated .bydrag messurements, which are . not -
ineludei in.the.report, areT£averab1e, however, and since
the hinge. moments weuld ‘probahly-berextremely low 1% .was- ‘ﬁ
decided to test. spoilers ef larger eize .88 -heing of pos-;}-
sible "interest. .

-i . Rlain curved :gpoiler. 10 per .cent ..of wing echord. =~ The
width+of :the -spoiler was:lncreased to 1Q per-cegnt of the-
wing . chord -the length remaining 40 per cent -0f ‘the . semi—nw
span,; Tests . gere, made at two spoiler deflections, .5° and -
60°,. .The single 5% deflect;en\was considered ‘sufficient -
to show the adyerse r,olling .momente . thch might .ocgur at - .
the .low angleg of attack, :and the ‘600 . deflection was.as—
sumed .8 & typical maxlmum-walue inasmunch as the-previousg‘
tests showe& very, Little ‘increase . in rolling moment with - -
higher angles. Figure 12 shows that all -three-locations
tested gave adverse rolling moments at an angle of attack
of 0°. ¥None, however, had adverse values sufficiently
large %o Pe of any importancs ;except at angles of attack
above 239, and therefore above the range which can be main
tained in gliding flight with ordinary coanventlonal air-
planes. . The .rolling moments obtained with a deflection of
60° are given in .Figure :13.. .At an angle of attack of 09 -
the: sp01ler hav1ng a -L0- per--cent -width. garve -rolling moments
about B0 per: cent,, greater than the spoller having a 7 per
cent width, but at the stall and above the 1ncrease was on-
1y 12. per cent._ﬁ.ajn R 5_._u,_ : 1. £y .

A own

. Computations indicated that a spoiler having a width
of 10 per cent of the wing chord and a length 60 per cent

of the semispan should give sufficient rolling moment for
regsonably: satisfactory .lateral. control for an average. air-
plane, and a final .geries of tests was: made on a spoiler of
that size with the 20 per cent hinge-axis location and a
complete series of deflections up to 90°.. The results of
these tests are given in Figure.1l4. As was found with the
smaller spoilers, relatively 1ittle improvement was obtained
by 1ncreasing the deflection above 60°.

The rolling-moment-coefficlents obtaiped with the 60°
deflections are: compared with those obtained with an aver-
age pair of conventionagl ailerons.'in Figure 15. The aver-
age allerons that were tested under reference 8 have a
chord 25 per cent of the wing chord and a span 40 per cent
of the wing semispan, one having an upward deflection of 25°
and the other a downward deflection of 25°. At the low an-
gles of attack where both forms of control give more than
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sufficient rolling moment, the ailerons give & greater
eamount than the spoilers, but at angles of attack betwesn
10°% gnd.-26% where the 'atlerons give insufficient control
the spoiler gives suh§tantially higher values of rolling
moment.. I mT

If as seems likely, the hinge moments -0f these spoll-~
ers are relatively low and the yawing moments are 1n the
favorable: direction ‘only,”  the spollers might possibly pro-
vide. a medium~strength lateral control superior in every
way: to. that obtained with present conventional flap-type
aileronsg..: For thils reason 1t 1is planned to make further
tes{s.on: the: yawlng moments and khinge moments. ¥For more
powerful controls atithe: higher angles of attack it is also
planned: t-0 investigate the combined action of. ailerons and
spoilers of relatively small slze. o

GON'(‘JLUSI ONS

© .1. No appreciable adverse rolling moments 'were ob-
tained with any of the-spoilers tested when’ they were lo-
cated -the proper distance back from tie’ leading edge. This
distance varled for- the difzerent arrangements tested

2. The effects produced by the spdilers tested 4id
not depend on.the closing of the slot, for they gaveé approx-
imately the same rolling moments on the plain wing as on the
slotted wing.

: 3. The s1mple Solld plate—tvpe spollers, both curved
and flat., proved super:or to the other types tested

. 4. It. is liLely that sufficzent ‘rolling moment can be
obtained from spoilers of reasonable size to provide satis-
factory latergl control for certain types of airplanes.

Langley Memorial'Aeronéutical.Laﬁoratory;
National Advisory Committee for Aerongutics,
Langley Field, Va., April 1, 1932,

. &l
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Clark Y wing with low-drag fixed tip slot 40 per cent of semispan. Plain.
flat spoiler.

_ Rolling moment about wind axis
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Clark ¥ wing with low-drag fixed tip slot 40 per cent of semigpan. Plain
fiat spoiler at 90° to wing chord.
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Clark T wing with low-drag fixed tip slot 40 per cent of semispan., Curved plain
spoller at angles to upper surface of wing, 7 % ¢ wide and 40% b/2 Long.
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Fig.3 Effect of spoller location on rolling-moment coefficlent for small epgular
deflections.
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Clark Y wing with low-drag fixed tip slot 40 per cent semispan. Plain
curved spoiler " c wide and 40 per cent b/2 long.
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Pig. 4 Effect of spoiler deflection on rolling-moment coefficient
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Fig.b

Clark Y wing with-low drag fixed tip slot 40 per cent semi-

span long.
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Pig.5 Rolling-moment coefficient versus angle of attack.
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Clarkk ¥ wing with low~drag fixed tip slot 40 per cent of semispan.
Curved spoiler with gap 32 per cent of spoiler height.
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Fig.6 Spoiler with gap 33 percent of spoiler height on slotted wing.
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Clark ¥ wing with low-drag fixed tip slot 40 percent of semispan,
Curved spoller with gap 10 per cent of spoiler height.
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Fig.7 Spoiler with gap 10 per cent of spoiler height on slotted wing.
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Clark ¥ wing with low-drag fixed tip slot 40 per cent of semispan.
Curved comb-type spoiler.
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Fig.8 Comb-type spoiler on slotted wing.
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Fig.9

Plain Clark Y wing. Curved plain spoiler 7% c wide and 40 per
cent ‘o/ 2 long at angles to upper surface.
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Fig.9 Effect of spoiler location on rolling-moment coefficient for

small deflections. Plain wing.
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Fig.10 Effect of spoiler deflection on rolling-moment coefficient
for 20 per cent location. 7 per cent c,spoiler on plein wing.
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Plain Clark Y wing. Curved spoiler 7 per cent chord wide and 40
per cent semispan long.
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Fig.dl Rolling-moment coefficient versus angle of attack. 7 ver cent
¢ by 40 per cent b/2 curved spoiler at 20 per cent location
on plain wing.
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50

Plain Clark Y wing. Curved spoiler 10 per cent chord wide and 40 per
cent semispan long,5° deflection only.
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Fig.1l2 Effect of spoiler location on rolling-moment coefficient for
small angular deflections. 10 per cent chord spoiler on plain
wing.
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Plain Clark Y wing. Curved spoiler 10 per cent chord wide and 40 per
cent semispan long,60° deflection only.
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Fig.l3 Bffect of spoiler location on rolling-moment coefficient for
large angular deflections. 10 per cent chord spoiler on plain
wing.
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Plain Clarlk Y wing. Curved spoller 10 per cent chord wide and 60 per
cent semispan long.
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Fig.14 Rolling-moment coefficient versus angle of attack. 1C per cent
¢ by 60 per cent ‘b/Z. Curved spoiler at 20 per cent location
on plain wing.
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Plain Clark Y wing. Spoilers and ailerons deflected i'ndividually.
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Fig.1l5 Comparison of spoiler with average allerons. Plain wing.



